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 Why are heavy quarks interesting? 
◦ produced early & experience full evolution of 

medium 

 Energy loss different 
◦ “dead cone” effect: suppression of small angle 

gluon radiation 
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QCDbc Tm  ,,

Phys. Rev. Lett. 98, 172301 (2007) 

Nuclear modification factor 

http://link.aps.org/abstract/PRL/v98/e172301
http://link.aps.org/abstract/PRL/v98/e172301
http://link.aps.org/abstract/PRL/v98/e172301


 Modification of 
the parton 
distribution 
functions within 
nucleus 
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Shadowing pT broadening Break up 

 Quarkonia 
only!:  Nuclear 
absorption, 
bound state is 
broken up 

 Broadening due 
to multiple 
collisions 
before the hard 
scattering 

Use d+Au to investigate and quantify 
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 Enhanced charm production relative to p+p 

 Significant CNM effects…what does this mean 
for energy loss?   



 

 

 

 Open Heavy Flavor 
◦ Indirectly through semi-

leptonic decay 

 Quarkonia 
◦ Natural length & time scales 

 Electrons at mid-rapidity 

 Muons at forward/backward 
rapidity 

BBC:  centrality & trigger 
DC:  tracking & momentum 

RICH:  eID 
EMCal:  energy 
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m 



Two independent measurements 
 Cocktail:  statistically subtract 

bg electrons (>1GeV/c) 
 Converter:  increase photonic 

electrons by a known amount 
(<1GeV/c) 

 Excellent agreement 

Ncoll = 1 

Ncoll ~ 1000 

d+Au 
Au+Au Cu+Cu 

 5 ≤ Ncoll ≤ 151 

arXiv:1310.8286 
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http://arxiv.org/abs/1310.8286
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Enhancement! 

Suppression 
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Enhancement! 

Suppression 

Significant suppression 
within Cu+Cu system 
not accounted for with 
p+p reference 



 Hierarchy between the 3 systems 
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PRL 109, 242301 (2012) PHYSICAL REVIEW C 84, 044905 (2011) 

Ncoll = 1 

Ncoll ~ 1000 

d+Au 
Au+Au Cu+Cu 

 5 ≤ Ncoll ≤ 151 
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 CNM effects in d+Au/peripheral Cu+Cu to where 
HNM takes over as collision size increases in Cu+Cu 
& Au+Au systems 

Npart = Number of participants 



13 

 More suppression in muon yield 
◦ Additional CNM effects at forward rapidity (shadowing/initial 

state energy loss) 



 Predicted “smoking gun” 
for QGP 
◦ Medium screening 

dissolves bound state 
hadrons 

◦ Remaining states reveal 
peak temp 
 

 Not so simple… 
◦ CNM effects 
◦ Recombination  

 Bind after QGP 
◦ Feed-down contamination 

 Lower mass states produced 
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 Same initial state effects (CNM) as open HF, but… 
◦ Quarkonia also has breakup effects 

◦ Different decay kinematics 
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• Forward rapidity 
• Similar dependence 
• Same underlying 

mechanism 



 Same initial state effects (CNM) as open HF, but… 
◦ Quarkonia also has breakup effects 

◦ Different decay kinematics 
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• Mid/backward rapidity 
• More suppressed than open HF 
• J/y can break up 

• Forward rapidity 
• Similar dependence 
• Same underlying 

mechanism 



 CNM dominates 

 y’ suppressed in 
central 

 Breakup could be 
more important 
(binding energy 
~10x less than 
J/y) 

 Any A+A 
measurement may 
be from 
regeneration only 
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http://prl.aps.org/pdf/PRL/v111/i20/e202301
http://prl.aps.org/pdf/PRL/v111/i20/e202301
http://prl.aps.org/pdf/PRL/v111/i20/e202301


 y’ much more suppressed than J/y 
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 Open heavy flavor electrons in Cu+Cu system 
show both suppression and enhancement 
effects similar Au+Au and d+Au  

 y’ is ~3x more suppressed than J/y in d+Au 
central collisions 

 

 CNM are different and important for both 
open heavy flavor & quarkonia 
◦ Important for the interpretation of suppression 
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 p0 Dalitz largest background: 
fit to PHENIX data 
◦ All other light mesons are mT 

scaled and normalized to 
meson/pion ratio at high 
momentum 

 Cocktail includes electrons 
from conversions, Ke3 decays 
and direct photons 

 J/y, U and Drell Yan also 
added 

 Large systematic uncertainties 
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• 𝜋0 →  𝛾𝑒+𝑒− 
• η →  𝛾𝑒+𝑒− 
• η′ →  𝛾𝑒+𝑒− 
• 𝜌 →  𝑒+𝑒− 
• 𝜔 →  𝜋0𝑒+𝑒− & 𝜔 → 𝑒+𝑒− 
• φ →  η𝑒+𝑒− & 𝜑 → 𝑒+𝑒− 



 Converter wrapped around beam pipe for a number of 
runs 
◦ Increases photonic yield 

 Statistically limited 
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e = 2.1% ± 25% 

 Rg and e found in simulation 



 Enhancement 
more 
structured than 
expected 

 kT boosts to 
partons before 
scattering 
◦ Doesn’t explain 

mass 
dependence 

PHYSICAL REVIEW C 88, 024906 (2013) 
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 Can suppress eHF 
production 
◦ Smaller branching 

ratio for charmed 
baryons 

 No charmed baryon 
measurements at 
RHIC 
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 Intial radiative 
energy loss 
calculations under 
predict 
suppression 

 Collisional energy 
loss should also 
be included 
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 D & B meson dissociation 
◦ Light meson formation time 

> length of QGP 

◦ Heavy meson formation 
time < length of QGP 

◦ Has been successful for 
heavy flavor 

 Very sensitive to formation 
times of hadrons and QGP 

 Persists longer for B 
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 RAA
light < RAA

heavy 

 Suggests the initial state effects on the light and 
heavy quarks are different 
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